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A:BSTRACT 
Synaptic discs arc structures  localized in  the club ending  synapses  on  the Mauthner  cell 
lateral dendrite of the goldfish medulla oblongata.  The synaptic discs present a  hexagonal 
array  of particles  ~8.5  nm  center-to-center  when  observed  in  en face  view.  This  lattice 
covers the entire surface  Divalent cations arc important in the stabilization of this particular 
hexagonal array  of particles  When  a  synaptic  disc-rich fraction is treated  with chelating 
agents (EDTA or EGTA), definite changes occur in the hexagonal lattice. First, the  synap- 
tic  membranes  show  zones  without  particles  interspersed  with  zones  covered  with  the 
hexagonal array  of particles  Second,  the  synaptic  discs  break down  and  a  new structure 
characterized  by two parallel dense  bands  (7 nm each),  separated  by a  4  nm gap,  is ob- 
served. The negative stain fills the gap region showing striauons spaced  ~-~10 nm center-to- 
center crossing the gap,  but  it does not penetrate  the  dense  bands  This  "double  band" 
structure is interpreted as an edge on view of a fragment of the synaptic membrane complex. 
Further treamlent of this fraction with a  ctlelating agent plus 0.3 %  dcoxycholate produces 
an increase in the number  of double band  structures.  However, EDTA plus Triton X-100 
(a  treatment  known  to  produce  solubilization  of membrane  proteins)  never  shows  such 
double band structure  An ordered material was observed associated with the cytoplasmic 
leaflets of the double bands  This material consists of rows of beads  N4 nm in diameter and 
spaced at intervals of N7 nm. Each of these beads is joined to the band  by a  thin stalk. 
INTRODUCTION 
In 1963 a new type of synaptic membrane-complex 
specialization  was  discovered in  the club  endings 
on the Mauthner  cell lateral dendrites in goldfish 
medulla oblongata (28, 30). These complexes were 
called  "synaptic  discs."  The  synaptic  discs  were 
characterized by a  close apposition of the external 
leaflets of the pre- and  post-synaptic membranes, 
in  disclike  regions  0 3-0 5  ]~m  in  diameter.  The 
overall thickness of the synaptic complex was N15 
nm and in en face views a  hexagonal  array  of par- 
ticles spaced  ~9  nm center-to-center was present. 
Later, Brightman and Reese (6)  using a variety of 
fixation techniques,  demonstrated  the presence of 
a  gap  (--~2  nm wide)  between the pre- and  post- 
synaptic  membranes  of the  synaptic  discs.  They 
showed that the gap could be filled with lanthanum 
by the technique described by Revel and Karnov- 
sky (26). 
This  partmular  type  of membrane  complex  is 
widespread in a variety of tissues (13-17)  in differ- 
ent animal species  In mammals it occurs in liver 
(I,  2,  14),  heart  (22,  34),  and smooth muscle  (9) 
Crayfish giant  synapses  (25,  27)  and  synapses  on 
pacemaker  neurons  in  certain  fish  brains  (3-5) 
present  a  similar  close  apposition  of unit  mem- 
branes  The term "gap junction" is commonly ap- 
phed to this kind of membrane complex. 
The close contact between pre- and postsynaptic 
membranes observed in synaptic discs was immedi- 
ately thought of in terms of electrical transmission 
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electrophysiological work of Furakawa  and Fursh- 
pan  (10)  and  Furshpan  (11)  These authors dem- 
onstrated that club ending synapses on the Mauth- 
ner cell lateral  dendrite  transmit electrically  The 
previous work of Furshpan  and Potter (12) and the 
studies by Bennett et al  (3-5) on a variety of tissues 
gave additional support to this interpretation 
The array of particles observed in en face views of 
both thin sections  and  by  negative  staining (1,  2) 
was interpreted  as a  pattern  localized on the out- 
side layer  of the  unit  membrane  However,  new 
evidence  obtained  particularly  from  freeze-frac- 
ture  techniques  has  challenged  this  intrepreta- 
tion  (8, 21 a). 
\.Ve now present new- information about  the or- 
ganizatlon of isolated synaptm discs  This mforma- 
tion was obtained  by treatment  of a  synaptic disc- 
rich  fraction  with  chelating  agents  and  several 
combinations  of  chelating  agents  plus  ionic  or 
nonionic detergents. 
1VIATERIALS  AND  :MET]~ODS 
Common goldfish (Carass~us  auratus) 4 inches long were 
obtained  from  local  suppliers  10-15  animals  were 
anestheslzed successively by Immersion m  an ice bath 
The brain was fully exposed by careful removal of the 
superficial tissues and was freed by cutting the nerve 
roots  and  the  spinal  cord.  The  eraergence  of  the 
fifth  and  seventh  nerve  root  was  located  as a  era- 
real  point of reference using a  d~ssecting mmroscope. 
The  emergence  of the  eighth  nerve  pmr  was  used 
as  a  caudal  reference.  Transverse  sections  through 
these  points permitted a separation of the medulla ob- 
longata  from  the  rest  of  the  brain  The  attached 
vagal lobes and cerebellum were then removed  This 
preparation will be called "dissected medulla oblong- 
eta"  (DMO). 
Separation of a Synaptic 
Disc-Rich Fraction 
Fresh pooled  DMO's  were minced and homogen- 
ized with 10 vol of 0  3 hi sucrose in a  smooth-walled 
Perspex  and  Teflon  homogenizer  pestle  (20  mm 
diameter)  A clearance ofG.3 mm and a speed ofrota- 
uon of 500 rpm were used. The procedure described 
by Whittaker  (36)  was used for the separation of the 
svnaptic discs  NIodlficauons were introduced in order 
to produce a better yield of synaptic membranes  The 
mitochondrial pellet was suspended In 6 ml of 0 001 hi 
bicarbonate buffer pH 7.5 and the sample was layered 
on ,top  of a  9  ml,  three  step,  discontinuous sucrose 
gradient (d 1.14, d 1.16, d  1 18, 1 : 1 : 1) and centrifuged 
at  100,000 g  for 2 h  in a  SW-41 T1 rotor of the Beck- 
man ultracentrifuge (model L2-65B, Beckman Instru- 
ments,  Inc,  Spinco  Div,  Falo  Alto,  Calif.)  The 
preparatton  separated  into  three bands  (one at  each 
interface of the gradient)  and a  pellet 
The material at the interfaces and the pellet were 
successively resuspended  in  bicarbonate  buffer  and 
centrifuged three times at 50,000 g for 30 rain in order 
to wash away the sucrose  These fractions were  pre- 
pared for electron microscope study. 
Fixation and Embedding 
Fixation was carried  out in  3~c  glutaraldehyde in 
0  2 M cacodyIate buffer  Fos~fixation was done m  a  1 : 1 
rmxture of 4c-~ OsO., in water and 0  1 colhdine buffer 
[pH  7 35~  The pellets were dehydrated with ethanol 
and  passed through propylene  oxide  and  embedded 
in Epon 812 according to Luft (20). 
Negative  Staining 
Negative  staimng  was  carried  out  with  1  or  2~0 
neutrahzed phosphotungstic acid (PTA) at room tem- 
perature on 400-mesh grids coated with carbon films. 
A Phillips EM 300 microscope was used with a  50 gm 
objecuve aperture, 
Treatments 
The  synaptic  disc-rich  pellet  was  suspended  in 
EDTA  (etfiylene-dmmlnetetraacetic  acid  dlsodium 
dihydrate,  Mann  Research Labs, Inc,  New York)  at 
a  concentration  of  5-20  naN[  at  pH  6,  or  EGTA 
(ethvleneglycol-bis  [~-aminoethyl  ether]  N, N'- 
~etraacenc acid, Sigma Chemical Co,  St  Louis, 5Io ) 
at a  concentraUon of 1-10 toNI at pH  6  The suspen- 
sion was spun down at 50,000 g for 30 rrdn  The pellets 
were examined by negauve staining. 
Detergents 
The  synaptlc  disc-rmh  pellet  was  suspended  in 
Triton  X-100  (Sigma  Chemical  Co )  or  sodmm 
deoxycholate (DOC,  Sigma Chemical Co ) diluted to 
a  final concentration  of 0.1  or 0.3(~'o. The suspension 
was  dialyzed  overnight  against  bmarbonate  buffer, 
spun down at  50,000 g  for  30  ram,  and  observed by 
negatixe  staimng  The  EDTA-treated  fracUon  was 
suspended in both ionic  (DOC)  and nomonm (Triton 
X-100)  detergents  at  the  same  concentrations  as 
before 
Freeze Fracture 
Several DiXiO's were fixed for 2 h  at room tempera- 
ture 111 3c,~, glutaraldehyde with 0.1 hi collidine buffer 
at pH  7 35  After a  brief rinse in eolhdme buffer, the 
.specimens were  trimmed  into  1  mm  blocks  and  lra- 
mersed in  10-20%  glycerol  for  2-10  h.  The  blocks 
were then placed in liquid mtrogen-chllled Freon 22 
G.  Z.~Pmm  A~D  J  D.  ROBERTSON  Synapt~c  Discs from Goldfish Med~dla Oblongata  93 (E. I. du Pont de Nemours and Co., Inc., Wilmington, 
Del.)  and brought to liquid nitrogen temperature.  A 
Balzers  high  vacuum  freeze-etch  unit  (BA  360M, 
Balzers High Vacuum Corp., Santa Ana,  Calif ) was 
used  according to the technique described by  Moor 
(23).  The  frozen  tissues  were  cleaved  at  --100°C 
and replicated without etching or after etching (30 s 
to 2  min).  The platinum-carbon  replicas were care- 
fully cleaned and mounted on uncoated grids. 
RESULTS 
Electron microscope observations showed that the 
largest  amount  of  synaptic  disc  membrane  was 
found  in the pellet recovered from the bottom  of 
the  discontinuous  sucrose  gradient  Thus,  all our 
subsequent  observations were limited to this frac- 
tion. 
Thin  sections  of  the  crude  sucrose-free  pellet 
showed a fair number of transverse sections of syn- 
aptic discs (Fig.  1)  They were observed as a hepta- 
lamellar structure  18 nm in cross-section which was 
resolved  as  two  closely  apposed  unit  membranes 
(each  7  nm  thick)  separated  by  a  3-4  nm  gap. 
While the original micrographs of synaptic discs in 
goldfish medulla fixed in KMnO4 did not show the 
gap,  subsequent  work  using  aldehyde  fixation 
showed this feature as well as the hexagonal arrays 
of subunits  The  synaptic  disc  has  essentially  the 
same structure  as  the gap junctions  described  by 
Revel and Karnovsky  (26). 
The negative stained  preparations  of the crude 
sucrose-free pellet showed en face views of the junc- 
tional  membranes  Fragments  of  synaptic  discs 
(Fig  2) with irregular outlines were usually found. 
In  these  fragments,  a  characteristic  hexagonal 
array of parucles  ~6  nm in diameter and  spaced 
~8  5 nm center-to-center was observed  This hex- 
agonal lattice makes  the synaptic discs easily dis- 
tinguishable from other sorts of membranes present 
in  the  fraction  The  complete  synaptic  discs  are 
folded membranes  1 5-2 gm in diameter. 
The  hexagonal  array  composing  the  synaptic 
disc is not a  perfect lattice. There are only limited 
regions of perfection and these yield two orders of 
hexagonal diffraction in an optical diffractometer 
(Fig. 3)  The spots are stronger in one axis (mend- 
ional)  This effect is probably due to Imperfections 
present  in  the  hexagonal  lattice  or  tilting  of the 
membrane  from which the optical transform  was 
obtained.  Spots  corresponding  to  the  third  order 
are usually seen, but they are not exactly located in 
the hexagonal net. 
No  substructure  has  been  resolved  either  by 
viewing the prints obhquely or by optical diffrac- 
tion. At the level of resolution so far reached, each 
FIGURE 1  Thin section of a synaptic disc of the fl'aefion isolated from the goldfish brain. Glutaraldehyde- 
Os04 fixation. X  19~,000. 
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membranes displaying the hexagonal array of partmles are observed covering the membrane sm'face com- 
pletely. X  ~05,000. 
6 nm particle has not been found to be made up of 
smaller subumts  hke those described m  the hexag- 
onal array of urinary bladder membranes (35). No 
pentagonal packing has been observed in our prep- 
arations  as descmbed in mouse liver gap junctions 
by Bennedetti  and  Emmelot  (1)  and  in thin  sec- 
nons of synaptic discs  (28) 
Freeze-fracture  replicas  of the  medulla  oblon- 
gata  showed  regions having a  hexagonal array  of 
parncles,  ~9  nm  center-to-center.  The  particles 
were coplanar with the fracture face A of the mere- 
branes  (Fig  4)  and  they  have  a  complementary 
junctional B face. 
Chelating Agents 
The  withdrawal  of Ca  ++  by  EDTA  or EGTA 
caused  an  interrupUon  of intercellular  communi- 
cation as shown by Lowenstein (19)  and  Ohveira- 
Castro and Loewenstein (24)  in several electrically 
coupled systems such as leech ceils, Chironomus sali- 
vary  gland  cells,  and  mouse  liver  ceils  It  thus 
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these agents would produce alterations in our syn- 
aptic  disc  preparations.  The  synaptic  disc-rich 
fraction was  accordingly  washed  in EDTA  (5-20 
mM  at pH  6)  or EGTA  (1-10 mM  at pH  6)  and 
then studied by negative staining  After these treat- 
ments definite changes in the  hexagonal  array  of 
the synaptic discs were  founct.  The synaptic discs 
Fm~E  g  Optical diffraction of the synoptic disc.  (a)  A piece of synoptic membrane from which the 
optical transform was obtained. X  ftSO,  O00. (b) The optical transform consists of two diffraction orders of 
spots with hexagonal symmetry. 
I~aURE 4  Freeze-fractm'e replica obtained from the goldfish medulla oblongata. (a) A belt of particles, 
hcxagonally arrayed, are coplanar with a fracture face in which particles are scattered on a smooth surface. 
X  13~,000.  (b) The same array of particles is observed in the fractm'e face.  X  1~8,000. 
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zones covered with the  hexagonal  array  (Fig  5) 
The  center-to-center spacing  of the  particles  was 
found to be increased from 8 5 to 10 nm  The diam- 
eter of the 6  nm particles was  unchanged but the 
space between the particles was greater.  The cen- 
tral dot of the particle present in sectioned mate- 
riaI  and  confirmed  by  freeze-fracture  technique 
(21)  is poorly  preserved.  In  Fig  6,  an irregular- 
shaped fragment of a  synaptic disc has a  structure 
of ~  18.5 nm in overall thickness associated with it 
This structure is characterized by two dense paral- 
lel bands  7 nm thick,  separated  by a  ~4-4  5  nm 
gap  Fine striations  ~6  nm wide cross the gap  at 
regular mtervals of 10 nm. 
An  intensification  of  the  bridges  between  the 
dense  bands  was  obtained  in  preliminary  tihmg 
experiments, performed with the gomometer stage 
of the Phihps Eh~ 300 with the tilted axis roughly 
parallel to the double band.  Occasionally,  rows of 
beads  ~4  nm in diameter spaced at regular inter- 
vals  of  6  nm  were  observed  associated  with  the 
external  face  of  the  dense  bands  Each  of  these 
beads was joined to the bands by thin stalks 
Detergen.ts 
The  action of detergents,  both ionic  (DOC)  or 
nonionic (Triton X-100)  were studied in the fresh 
fraction or in fractions previously treated with che- 
]FmuR~ 5  High magnification of a synaptic disc membrane after treatment with EGTA.  Note the im- 
perfections of the lattice produced by the chelating agent.  )< ~10,000. 
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sociated with the hexagonal arrays of particles is observed although very rarely. The  arrow shows  a 
second inconspicuous structure present in the same membrane. X  370,000. 
lating agents. D0C  at concentrations of 0.1-0 3 % 
selectively solubilized mitochondrial and synapto- 
some membranes. Synaptic discs were less affected, 
but an increased degree of disorganization was ob- 
served in the hexagonal lattice. 
In  tl~e  fraction  treated  with  chelating  agents, 
DOC  produced  a  sequence of changes in the or- 
ganization of the membranes with the particulate 
arrays.  The s:?naptic disc was  broken into small, 
independent~ irregular-shaped fragments N0 3/zm 
in diameter, each one of which conserved the hex- 
agonal array of'particles (Fig. 7). Upon increasing 
the  concentration of the  detergent  (Fig.  8),  the 
synaptic discs were progressively disassembled into 
poorly preserved  networks of hexagonal particles 
associated with la~e numbers of the double band 
structures  previously  observed  (Fig.  6)  without 
detergent treatment. 
The bridges crossing the 4 nm gap were usually 
seen as fine lines of low negative contrast (Fig. 6). 
However,  in  certain  micrographs  an  increased 
negative contrast of the bridges was observed (Fig 
9).  This effect was probably due to superposition 
of the bridge material in a direction parallel to the 
electron beam 
A  material organized periodically is associated 
with the  cytoplasmic leaflets of the  double band 
structure (Fig  10), obtained by the treatment with 
EDTA plus DOC. This material consists of beads 
~-~4 nm in diameter separated  N4 nm from  the 
surface of the dense band and spaced  ~-~8  nm cen- 
ter-to-center. 
Triton X-100, like DOC, produced an apparent 
enrichment of synaptic disc  membranes presum- 
ably  by  destruction  of less  resistant membranes. 
When Triton X-100  was  used  associated  with  a 
chelating agent, its action was highly accentuated 
and the preparations were more enriched in syn- 
aptic  discs.  However,  these  preparations  showed 
consistent fragmentation of the synaptic disc struc- 
ture into small circular patches 0.3-0.5 /am in di- 
ameter (Fig.  11)  No double band structures were 
resolved after Triton X-100, used alone or in com- 
bination with chelating agents. 
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synaptic disc into pieces of irregular shape and size is observed.  X  61,600. 
DISCUSSION 
General Morphology  and the Effect of 
Chelating Agents 
The svnaptic discs display a  hexagonal array of 
particles 8 5 nm center-to-center when they are ob- 
served in negative stained  preparations.  A  similar 
array of particles is present in freeze-fracture rep- 
licas  obtained  from  goldfish  medulla  oblongata 
Therefore,  the  synaptic  discs  seem  to  share  the 
same  kind  of organization  described  for the  liver 
gap junctions by thin sectioning (14)  and negauve 
staining  (1,  2) 
It is concluded from the present results that the 
synaptic discs are maintained in a stable configura- 
tion at least in part  by means  of divalent cations 
This  effect  could  be  due  to  crosslinking  between 
the surface subunits by divalent cations  Thus,  the 
withdrawal  of  divalent  cations  with  chelating 
agents  (EDTA  or  EGTA)  results  in  definitive 
changes  in  the  hexagonal  lattice  These  changes 
consist of: (a)  a  uniform increase of the space sur- 
rounding the subumts;  (b) a nonuniform and much 
larger increase in the spacingbetween some rows of 
subunits  occurs giving the effect of irregular rater- 
connecting cracks in the otherwise regular lattice 
These cracks are shown up in good contrast by the 
negative stain  Sometimes the  edges of the cracks 
do not match well, suggesting a  detachment of the 
particles  from  the  svnaptic  discs.  The  cracks  are 
random  in  distribution.  (c)  The  appearance  of a 
new structure referred  to as double band 
The double bands are only found associated with 
the hexagonal lattice (see Fig. 6) and their number 
increases  in proportion  to the  disarray  of the lat- 
tice.  Thus,  it  is  reasonable  to  assume  that  the 
double band structure originates from the synaptic 
discs and  in fact represents  small fragments stand- 
ing on edge  Furthermore,  it is reasonable to sup- 
pose that when chelating agents (EDTA or EGTA) 
break up the whole synaptic disc structure,  rows of 
subunits  separate  laterally  along  with  the  under- 
lying membrane components. Those rows are often 
three or four subunits  wide and may be, occasion- 
ally,  seen  edge  on  at  90 °  and  appear  as  double 
bands in negative stained preparations.  Therefore, 
G.  ZA~PmHI XND J.  D.  I~OBE~TSON  Synaptic  Disesfrora Goldfish Medulla Oblongata  99 ~'~IGURE 8  In some membranes the effect of the treatment with EDTA and DOC is more conspicuous. 
The hexagonal lattice is almost completely  disrupted giving a number of double band structures. X 87,800. 
100 FIGURE 9  High magnification view of EDTA and D0C treatment. Note an intensification of the bridges 
(arrows) crossing the dense bands of the structure.  M  ~0:~,000. 
FmURE  10  Appearance  after  EDTA  and  D0C 
treatment. Note the periodicity of the material (arrow) 
associated with the cytoplasmic leaflets of the double 
band. M °~00,000. 
we regard the double band as representative of an 
intermediate step in the disassembly of the synaptic 
discs 
According to this interpretation of the nature of 
the  double  band  structure,  each  dense  band  ~7 
nm wide represents a  unit membrane and the  ~4 
nm  gap  corresponds  to  the  intermembrane  gap 
observed in sectioned material  The overall thick- 
ness of the double band is 18 5 nm  This is close to 
the cross-sectional dimension of the svnaptic discs 
observed  in  sectioned  material  The  hexagonally 
arranged particles observed in negative stain and 
in sectioned preparations could  be represented in 
the  double  band  bv  the  less  dense  striations  ob- 
served  crossing  the  ~4  nm  gap  These  striations 
are  the  only  repeating  material  observed  in  the 
double band displaying a periodmity similar to the 
hexagonally arranged partmles 
This observation is interesting because it shows 
that the negative stain penetrates between the pre- 
G.  ZAMPmHI AND  g.  D,  ROBERTSO~  ~ynap~ic  Di~esfrora Gddfish Medulla Oblongata  10! F~OURE 11  Treatment of the synaptic disc fraction with EDTA and Triton X-100.  Empty areas re- 
sulting from the detachment of the ~-~6 #m particles from the sm¢ace of the membrane are observed. 
X  36~,000. 
and postsynaptic membranes of the synaptic discs 
Thus, the gap should be considered in part a space 
filled  with  hydrophilic  material.  On  the  other 
hand,  the dense bands  N7 nm wide that we have 
taken as a cross view of the unit membrane are not 
penetrated by the negative stain  However, in some 
micrographs  (Fig.  I0)  a  scalloping  of the  "dense 
band" is sometimes observed. 
The  material  associated  with  the  cytoplasmic 
surface of the double band  (Fig.  10)  is difficult to 
account for. It appears as a well-organized pattern 
of beads that is better observed by tilting the speci- 
mens  Its meaning is still unclear to us. 
Modifications of the pattern related to the tem- 
perature  of  the  negative  stain  solution  (PTA) 
have  been  reported  by  Bennedetti  and  Emmelot 
(2)  in liver gap junctions.  In our experiments the 
PTA  was  always  used  at  room  temperature.  In 
these conditions changes in the pattern of the con- 
trol  preparations,  as  those  described  as  tempera- 
ture-dependent,  were  never  observed.  Thus,  the 
changes  described  in the hexagonal lattice of the 
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the chelating agents. 
The Effect of Detergents 
The gap junctions are structures resistant to the 
detergent  action  Bennedetti  and  Emmetot  (2) 
showed  that liver gap junctions were not signifi- 
candy damaged after treatment with  1% DOC. 
Goodenough and Stoeckenius (16)  have reported 
that  Sarkosyl  does  not  produce  morphological 
changes  in hver  gap junctions, while  selectively" 
destroying other membranes. These authors suc- 
ceeded in isolating a pure fraction of gap junction 
membranes using 0.5%  Sarkosyl.  Similarly, we 
have observed that Triton X-100 does not destroy 
the synaptic discs  (37) but produces solubihzation 
of other membranes of the fraction 
The property of high resistance of the synaptic 
discs  to detergent action is greatly reduced when 
the  fraction is  previously treated  with  chelating 
agents  Combined treatment of EDTA and DOC 
produces an almost complete disassembly of the 
structure very largely into the double band frag- 
ments  It is known that DOC  extracts phospho- 
lipids from bacterial membranes (3I). Since DOC 
aids in the breakup of synaptic discs  induced by 
chelating agents alone it may be that the initiaI 
separation of the surface particles resulting from 
removal of divalent cations makes some of the un- 
derlying membrane phospholipids more accessible 
to DOC  Perhaps these are a less specific  compo- 
nent of the membrane lipids not speclficatly bound 
to the surface particles. 
On the  other  hand,  a  combination of EDTA 
and Triton X-I00 also fragments the synaptic discs 
although in a very different way. Here the effect 
seems to be one of complete disruption of the struc- 
ture progressively at its edges  We came to this con- 
clusion for two reasons. First, the discs are smaller 
and more round and second, the double bands do 
not appear. Triton X-100 produces solubihzation 
of membrane proteins,  as  has  been observed in 
nerve ending  fractions obtained from rat brain (18) 
and in bacterial plasma membranes (33)  Used in 
combination with EDTA on E  colt by Schneitman 
(32) it produces a  four times increase in protein 
solubitization  We thus believe that the primary 
effect of Triton X-100 on the synaptm disc may be 
protein dissolution with lipid dispersion occurring 
secondarily. In this case, dissolution of the protein 
components leads to compIete disruption even of 
the double bands. It seems reasonable to suppose 
that if the protein molecules in the surface lattice 
are soluble in Triton X-100 the ones at the edges 
would be the first to go into solution because they 
present a  larger fraction of their areas to the sol- 
vent. The underlymg, newly exposed lipid mole- 
cules would then be expected to go into solution. 
The particles we have seen in the negative stain 
preparations tie side-by-side in a regular lattice in 
the center of the double band structures. The nega- 
tive stain has not revealed a deep penetration of the 
O  O  ::**:**::::. 
0  0:0  0 
FiotmE I~  Diagrammatic representation  of the hexagonal array and the double band structure.  The 
main point in our interpretation is that the double band is visualized by an edge on view of fragments of 
the synaptic membrane complex. 
G. Z~'~xrrIaEi  ~  $, D,  RO~ERvSON  8ynapt~c  Di~cs  frora Goldfish Mai~dla Oblon~at~  103 particles into the cores of the adjacent membranes 
This is difficult to correlate with our limited freeze- 
fracture evidence. However, more freeze-fracture 
evidence is now being accumulated and a  future 
paper will deal with this in detail 
The speculative interpretations of our data (Fig 
12)  can best be tested by obtaining larger quanti- 
ties of a  very pure fraction and our current efforts 
are directed to this immediate goal. 
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